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It has been suggested that cognitive style interacts 
with performance on tasks measuring formal thought- 3t is 
hypothesized that cognitive style interacts «ith task context rather 
than with the underlying formal thought processes. Experiments 'are 
reported to clarify^the type of task that elicits an interattion and 
to determine whether such interactions car be altered by instruction 
in formal thought processes. About 250 students age 12 tc 16 
participated in one, of three experiments. Two tssks involving the 
separation of variables schema but contrasting contexts were 
administered to all subjects, in one context^ only infcrtation 
necessary for applying the separation cf variables schema was ° 
presented, another context^ the releyantr information was embedded 
in irrelevant additional inf ormaticn^. Cognitive style^'was measured in 
two experiments. I ji one experiment, s^utj^d^s taught t^je' separation of 
viaria^jles schema were compared to uninstructed subjects- Eesults 
supported the hypothesis of the study: task context interacted with 
cogtitive style and training or separation of ^variables did not 
appreciably affect performance on irrelevatt context tasks. 
(Author/RD) ^ 
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Abstract 



It has been suggested that coQnltlve style interacts with performance 
on tasks measurinq formal thought (Pascual-Leone,. Note 1). It Ps hypo- ' 
thesized that cognitive style interacts with task context rather than with 
the undeYlytng formal thought process,es. Experiments are reported to " 
clarify the type of task that elicits an interaction and to determine 
Whether such interactions. can be altered by instruction in formal, thought 
'processes. 

t 

About 250 students age 12 to 16 participated in one^c- three experi- 
ments.. Two tasks Involving the separation of 'variables schema' but con- 
trasting contexts' were administered .to all subjects. In one context only 
information necessary for applying the separation of variables schema was 
presented. In another Context tjie relevant information was'embedded in 
irrelevant additional information." Cognitive style wh measured in two 
experiments. In one experiment, subjects taught the separation of varlabies 
schema were compared to- uninstructed subjects. Results support the hypo- 
thesis Qf .the'stud>^: task context interacts with cognitive style and 
training or separation of , variables does not appreciably affect performance 
on irrelevant context tasks. 
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A number of researchers have suggested that cognitive style or field 
.ependency is aii ijnportant factor in formal operational thought (Witkin, 
V Moore, Goodenough, S Cox, 1977r Pascual -Leone, Note 1; Niemark, Note 2)". * 
Several .hypotheses concerning the^fject of cognitive style on performance 
have been put forth. Both Pascuai-Leone and Witkin et al. suggest that ' .. 
co*gnitive si/le interacts with selection of information to be processed. 
Pascual-Leone (Note 1) points Out thgt field dependent subjects see dil^erent 
information as salient for problem solving than field independent subjects. 
According ^o Pascual -Leone. ■ in situations where conf I ictirc, informant ion is 
available the field dependent -p^son often processes Inappropriate, infor-' 
.matfon. Witkin et aK (1977) suggest that fi.eld dependent peqple are less 
• likely to use "mediators" or general pVrnciples 'to govern their information 
processing system. As Niemark (Note 2) points^out, very few studies 
specifically Correlate performance or formal o°perat ional- reasoning tasks 
with cognitive style and these studies yield conflicting outcomes.. . 

The series of experiments reported in this paper help to define what ^ • 
is meant by "conflicting information" injponnal tasks and how tasks with ^p' • 
this characteristic are handled by suiajects with different c0gnitive.5tyl.es. 
In particular, fhese studies suggest that cognitive style interacts with 
question context in tasks requiring the separation of variable schema. It 
is suggested t^iat question context is a factor which might contribute to 
low correlations between formal operational reasoning tasks (Linn, Note 3). 

' ♦ Tasks 
The series- of. st^udie^ reported in this pap6r all use two tasks devel- ; 

thor. Both tasks reqqh-e the subject to use the separation • 
of variables schema described by Inhelder and Piaget (1958). Detailed 



'description of the tasks Is found elsewhere (Levine & Linn, 1977). 

•Both tasks Involve spheres -rol ling down a ramp, ^n the first task, 

CbntroU ing , the siibject must decide whether or no't to control one variable 

In an experiment; he is told to find out which of two spheres Is best for 

hitting a target far. ' To be successful on Controlling, the subject must 

irelease the two spheres from the same p6sItIon. In the second task. 

Screen, the subject^ aske'd to ana^yze the re&ults of an uncontrolled 

experiment;^ he is asked whether he* has enough' Information to decide which 

of the two spheres is the best for hitting a target far. in this task 

* ■ • * . 

, . . .." - 

the two spheres are released from different positions but the actua 1 release 
of the spheres is concealed behind a screen. To be successful the subjecc/ 
must Widicate that' the release points couJ^d-^ different. - Both Controlling 
and Screen concern the same phenomenon— deciding which of two spheres 

rolling down a ramp is^tfie most povyerfu); the major difference between the 

■» 

two tasks concerns how the Information Is presented. 

. . . ' ^ ' ' ' ^ 
Al K' responses 'were SQpred. either success or failure. 

, Experimen t 1 : 
• m a study reported elsewhere (Levln'e S Linn, 1977) the developmental 
characteristics of these ta^ks were assessed. This study. Is reported to 
establish the general izabi 1 ity aijd stabfl 1 1/ (>f the tisks. Sixty' subject* • 
age 12, 1^, and 16 in a comp^ehens|ve school near London, were randomly 
selected. to participate in the study.' The two tasks were administered In 
a single interview session. Results are shown in Figure 1. As can be .v, 

significant effects for age were found on both tasks (Controlling z « 2.79, 

\ .- 

p<.Oi; Screen z » 3-l8, p<,01.) The unexpected finding that Screen »was 



'considerably more difficult than Controlling for 1 2-year-ol.<is but not. 
older subjects is hypothesized to reflect either a change in functichffng 
or some , special experiences (Levine & Linn, 1977).. It. seem^Tl^i^rolsAate 
to repHcat^ the-study using 13 and 15-year-old subjects. ^■ 



l-nsert Figure ^ about here 



Experiment ": 1 

; ... ., 

The purpose of this study was to general ize' the findings of Experiment 
1 to 13 and 15 year-olds to demons'trate task stability aod to investigate '■ 
the hypothesis that the conflicting information in Screen might result' in 
an. 'interact ion batWeen cognitive style and question context. S'Jiice. the 
information 'in Screen is. presented in a conflicting cont^t in the sense 
that the results of the experiment are erophas ized .but are not relevant 
to the solution, it seemeJ reasonable" to hypothesTze that^ogn|t i ve style 
might influence performance. In particular the hypothesis is that poor 
performance on Screen is more likely for field dependent subjects than 
for fielc' independent subjects. " , , . - 

Subjects were 125 randomly selected seventh and ninth grade students - 
in a rural, bl ue-c6l lar area in Northern California. Al 1-' «;ubje';ts received 
the'' portable Rod and 'Frame Test as a measure of cognitive style followed 
by Controlling and Screen. ' • - 

As shovyn in Figure 1, I3 and 15-year-olds performed as predictedj 



* * 

15-year-olds sdored almost exactly=between U and IS-year-blds, 13-year- 
olds just below lif-ywr-olds. A^e differences ^vere signitifcanf f'or. 
Controlling '(x2 - A.O. p <.05) and Screen (X^ » *8.9, p < .01 ) . ^aIso, 
IB-year-olds performed slightly but not sign.ifJcantly better on Controlling ■ 
than on Screen, similar to the performance of 12-year-olds in Experiment I. 
^However, these findings more reasonably suggest that 12-year-olds J n 
Experiment I performed unexpectedly well on Control 1 ?ng and as would be " 
■ predicted for Screen'. ; {^e hypothesis is that some aspect of the school 
program for the 12-year-olds in Exper iment V accounts for the i r^er forma nee " 
on Controlling. Information relevant to this hypothesis i-s gathered rn Experi/nent 

Results for the cognitive style dimension are shown in Figure 2,. the . ' ' ' 
9 subjects scoring above ifl ton the Portable Rod and- Frame were conshdered 
Field Dependent, The 15 scoring below 15 were considered Field Independent. 
•The groups i.ncluded equal numbers of males and equal numbers of 15-year.olds. ■ 
. As can be seen, no differences in performance on Controlling are found for 
the extreme cognitive style groups but field dependent subjects perform 
significantly less well .^hao field • independent subjects on Screen (p < .05, 
Fisher test). It app/sars that the conf 1 icting context for the information 
in. Screen mteracts. wi th cognitive styl^; no such interaction occurs for - . 
.Controlling. Since cognitive style does not interact with Control 1 ing, it 
is hypothesized that the conf 1 icting., context in Screen affects subjects 
performance on a separation of variables task such that the separation of 
variables schema is not invoiced./ Thus, foV fiefd. dependent subjects compe- 
*tence in -using the separation Jf var iables -scl^ima is not a factor in per- 
formance <^ Screen. - 
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Insert Figure 2 about „he re 
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^ Expe'riraent III * 
^perimeht 11 suggested that cognitive '"slyle Interacts with the * 
embeddedness^ of inforraation in the Screen. It was hypothesized that t|iis 
was ^ performance /rather than a competence lintreraction. If it is a per- 
formance interaction, then ^raining on the separation of variabUs schema 
will^ not change the relationship between cognitive style and performance oi 
Screen. • f 

The results of Experiment 11 suggest that the performance of 12-year- 
olds on Control liTig- in Experimertt 1 may be 'due to ^om? kind of school 
experience. This hypothesis is investigated in Experiment IM by training 
.12-year-old subjects to use the separation of variables schema'. 

In Experiment III the procedure was to take a. group of 60 12-year-oid . 
students, assess the i r co'gn i t J ve style us'ing the" Portable ^Rod ^nd. Frame,' 
randx)mly assi.gn them to three experimental conditions, provide different 
types of training'for each group, ^and then administer Qontroll /ng and 
Screen. Subjects wera middle-class, "^racially-mixed six^h graders in a • " 
• Northern Cal ifornia'-sc'riodl, ' • ■ - 

Train ing • ' . 

Training consisted of Jhe Piagetian Pendulum Task to assure; that the 
three groups were equivalent in the: r abi 1 i ty- to control variai)les, and than 
one procedure for each_ of the three groups." Details are gi.ven^elsewhere^ " 

(Linn, Note i) . Group 1 received ''intervention": The subjects* attended '/ 

- - _ , -. ... ■ • « . ; 

Six I5-minute training sessions in which the 'concepts of variables, criti- 
cizing an experiment,' and controlling an experiment were introduced 'us ing 
the lecture demonstration approach. Group If' rec2iived what- is called the 
"simultaneous" program:, intervention £lus twelve 45-minute sessionH^ ' 



where subjects carried out experiments using equipment on their own. 
Group M( (controls) received the twelve 45-mInute exper?mentation 
sessions only. In summary, the three conditions were: . intervention alone, 
experimentation plus intervention, or experimentation alone. 
Results and T)iscuss ion 

As shown in Figure 3, the^group receiving intervention w^s superior 
2 ' * ' - 

to the others (X « q.02, >< .Oh) on Controlling. No significant differ- 
ences between groups on Screen were found. This, suggests that tra*ining on 
appl icatlon.of the separation of variables schema does not generalize to 
questions Involvi,ng cr^ivlictfng information^ suportinjg the performance- 
competence hypothesi s. It is possible that training' specTfical ly con- 
cerned with sel^Mtionpf information* from co^ifllcting contexts woul'd 

•^ 4 - ' ' ' . 

af^t perfonit^nce on Screen. • • ^ ''^ 

'Insert Figure 3 about here ^ 



Comparison of control Group 111 12-year-olds in Experiment 1 H to l2-year- 
olds- in Experiment 1, is difficult slnc^ the populations are not compaYable. 
It IS clear, however, that contrbl iZ-yelr-olds perform equal ly wel 1 on 
Controlling and Screen Whi le trained 12-year-61ds do better on Controlijrf^ 
(than on Scrtsen. These resu Us suggest tha-t the surpris^ingly successful ' 
performafice of 12-year-olds on Controlling in Experimeirt 1 might well be due 
to specific school experiences. . » 

It should be noted, that the outcome for Group 11 (intervention plus 
experime'itation)-is not as anti ci pated— subjects in this condition were no 



bettar than control subj^cts^^As dfscussed elsewhere (Linn, Note ,4)-, - 
* J? possible that the Intervention conflicted with the experimentation, 
thus providing subjects with a coo fusing View of controlling variables, 

Cogn5»tive style*was investigated by usinr subjects in Groups J and ft 
and comparing performaoce of the 10. subjects scoring above k] to per- 
formance of the 10 subjects scoring below 15 as was done in Experiment ii: 
'Since subjects were assigned at random, extreme scorers apmpri sed eqUaJ 

numbers of subjects from the two groups, in addition, the extreme scorers 
.had equal numbers of males. As can be setn in Figure 2, results for ' 
Experiment III replicated the findfngs of , Experiment N. As in Experiment 
II, the differences in perfor^mance for field dependent versus field 
independent individuals was Significant for Screen (p < .05, Fi sher test) 
but not for Controlling. j' 

Does training on the separation of variables strategy alter^the inter- 

, action between tasic context and cognitive style? Evidence from the trained 

subjects suggest-- that it does not, although the srfiall numbers involved 

make, definite conclusions difficult. Of the k field dependent trained 

subjects, one succeeded on Screen and 3 succeeded on Controlling. Of the 

5 field independent tra ined^ subjects all succeeded on Control 1 in^ and 3 of 

,5 succeeded pn Screen. . Thus'^performanc^ oh Screen' was compaj^ab^ej to that 

of untrained subjec^ts whi le performance on controlling reflect^ the success 

of the training, leiiding further support to the perforjuafTc^ompetence 

9 

hypothesis. - 

• Conclusions ' " 



The three experiments reported here indicate an interesting anomaly 
between performance on two tasks which ostensibly involve the ^ame schema,' 
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; nasKSly. separation of_j»«nab!es as defined by Piaget. These results suggest 
that CQgnitive style and context jnteroct and that C(|)gn stive. style 
Influences some aspects of forma! thought- but not others. The major 
character? 'iUc whidh differentiates Conti-olling and Screen concern^ the 
conflicting available 1 nformatJon . Tnese resul ts more clearly defirte the 
type of .question context which- can be considered conflicting. In particular 
the results of an uncontrolled experiment interfered with the ab'illty of 
field dependent subjects to apply the separation of variables schema. 
The: - result,; suggest that whereas performance in conf 1 ict tnq contexts 
is influenced by cognitive style, it is ilso clear "that use of the separation 
of variables schema .is independent of cognitTve style in contexts without 
embedded informat ionv - Thii« one contri,fau ting factor in the low correlations 
between performance on formal reasoning tasks may be question context ratfier 

than comprehension of the necessary schema. ; ' • . 

* ■ 

These results are consistent with Pascuar-Leone's finding (Note 1) 
that field dependent subjects hjve difficulty with tasks which involve 
conflicting strategies and elaborate the findings of Dale (Note 5) and 

Nefmark {\^75) who suggest that cognitive style interacts with formal 

'\ ■ • . * • . _ 

operational thought. 

These results suggest the existance of three groups of subjects . 
within a single age: those who are able to control on\both Ramp and - 
Screen; those who can control on Ramp but not on ScreenY^nd those who 
cannot control. -The group who can (Control on Ramp but not Screen is 

characterized by field dependency. 

■ - ■ r 

< A strict Piagetlan interpretation would only consider subjects who 

, ■ ■ \ - ' ' 

controlled on both tasks to possess the controlling scheme;. If only 

' , / ' ' \ 

those who control on both tasks, are considered to possess the -scheme then 

the training would be viewed^ unsucces^^ful . This would be consfstent 



with Plagat's statements concerning tl%e ITmited value of traioing in-.fcJB- 

t^Sng logical thinking, " / 

• ' , ■ T> - 

Another way to conceptualize this situation is to view cognitive 

5tyfe as a stable peT-scnaliCy traftT It may be that "the development of 

field dependent subjects differs from that of field independent subjects^. 

By not separating these populations It is possible to confound development 

wivh personality rtyle, 

Because Piaget's data gathering style doeS^ liot :examhne~fndf vidual 

differences and doe% not look at age as a predictor of perforrr^nce, con-- 
ffqundJng of devftlofDmentz-^vith individual di f ferences may have contributed 

tp. replication problems, Piaciet^s (Inhelder ano Piaget, I958) (jlstinttion 

in the transition from concrete to formal thought between reasoning abrut " 

real events as^opposed to reason fng about all possible events reflects ^(ict 

a developr^nyil t^end but a personal ity characteristic. That is field 

dependent subjects' tend to V^It^ their reasoning to. real* events (the results 

of screen) while field independent subjects conaiider all the possible ways 

the results could have beep achieved. \^Thi s conceptualization is surely* 

undercompl icated but is a possible confounding of crossect ional rese«irch 

studies which dei^rves further investigation. Some support for this con- 

ceptual ization comes from the success of Case (19.7^) in reaching field in- 

.4.. ' . 

dependent but not field dependent 8 year olds the* separation of variables. 

schema. . ^ - 



12 



n 



tes 



RefereHce^jfe te 

Pascual-Leone, J, Cognitive development and cognitive style; A 
genehal psychological integration . OnpubLished Ph.D. dissertation, 
U. of Geneva, 1969. ^ 

Neimark, E. D. Toward the disembedding of formal operations from 
con found inc) with cogni't ive style . Paoer presented at meeting of the ' 
Piaget Society, Phi-ladelphia , May . Report No. 26, Douglass 
College', State University of New ^Jersey. 

^ion, H.^C. Free choic e experiences: How do they help childre n le^rn? 
Paper presented at NARST, Cincinnati, March ]977. AESOP Report PSc-20, 
Lawrence*H^il of Science, Un^vers ity of California, Be^^eley. 

^- The role o f .expbsure arid demonstration in the develop - 
ment of the separation. of variables in science : Manuscrip| submitted 
for publication, 1977. AESOP Report PSc-2A, Lswrence Hall of Science, 
-University of California, Berkeley. V-- 

>• G-^^^Niea-piagetian i nvestigation of some factors affecting 
performance on Piaget ' s f lexib i IT ty of rods problem . Unpubl i:;hed doc- 
toral dissertation, La Trobe Unlversi ty (Austral i a) ," 1976. 



• - ■ ' " ' 13 



T2 



c« c. ences 



Case, R., Strictures & Structures. Cognitive Psychology , 1974, 6, 

544-573. .• ' 

Inhelder; 3., & Piaget, J. The Growth of Logical /Thinking . New York: 

Basic Books, 1958. 
Levine, D., S Linn, M.C. Scientific reasoning ability in adolescence: 
Theoretical viewpoints aqd educational implications,. Journal of 
Research in Science Teaching , in press. 
Niemark, E. D. Longitudinal development of formal operations thought. 

Genetic Psychology Monographs . 1975, 9j_, 171-225. 
WItkin, H. A., Moore, C. A., Sopdenough, D. R. , & Cox, P. W. Field-dependent 
and field independent cognitive styles and their educational impl ications. 
Review of Educational Research . 1977, kj, ]-6k. 



i 

o 



14 



A 

□ EXPERIMENT I 



O 

60-1 



EXPERIMENT II 



50 



V) 

uj 40 

(J 

CO 

S 30 

< 
H 
Z 
UJ 

o 20 ■ 



10- 




16 YEAR OLDS 



15 YEAR OLDS 



O 14 YEAR OLDS 



13 YEAR OLDS 



2 YEAR-OLDS- 



T 



CONTROLLING SCREEN 



Figure 1. Performance of 12, 13, 14, 15, and 16-year-old 
subjects. 
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CONTROLLING SCREEN 

Figure 2. Performance of field dependent and field 
independent subjects. 
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COrfrROLLING SCREEN 

Figure 3, Performance of trained and untrained 12-yearH>ld 
Jiibjects in Experiment II. 



